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6.26. Trom eq (6-30)
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Problem 6.30 g { o

a)&b) For parahydrogen, only even j are allowed in the partition function. For orthohydrogen,
only odd j are allowed.

vt Zpara

Ssum[(23j+1) Exp[-j (j+1) » b » epslon], {j, 0, 20, 2}];

Epara = - (1/Zpara) »D[Zpara, b] /. b->1/ (k% T);

Cpara = Simplify[D[Epara, T] /. T >t «epslon/k];

Zorth = Sum[(2j+1) Exp[-j (j+1) » b » epslon], {j, 1, 21, 2}];
,)/ Eorth = - (1/Zorth) «D[Zorth, b] /. b=+ 1/ (k«T);

Corth = Simplify[D[Eorth, T] /. T - t xepslon/k];

Plot[{Cpara/k, Corth/k}, {t, .001, 10}, PlotRange — Full]
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c) Normal gas is a mixture of 1/4 parahydrogen and 3/4 orthohydrogen.

miten - Cnormal = .25 Cpara + .75 Corth;
4/ Plot [Cnormal / k, {t, .001, 10}, PlotRange - Full]

FindRoot [Cnormal / k = .5, {t, 1.5, 2}]
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Culif 102]=

Att = KkT/e=1.66924, e=0.0076eV, T = 150K, the heat capacity reaches half its asymptotic value.
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d) Redefine the partition function under equilibrium:

nn . Zequil = Zpara + 3 x Zorth;
Eequil = - (1/Zequil) »D[Zequil, b] /. b 1/ (k*T);
Cequil = Simplify[D[Eequil, T] /. T -+ t xepslon/k];
Plot[Cequil / k, {t, .001, 5}, PlotRange - Full]
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e) The deuterium we can calculate the heat capacity as a mixure of 2/3 ortho and 1/3 para

/Ln/u Cdeut = 2/3 » Corth + 1/3 « Cpara;
Plot [Cdeut / k, {t, .001, 10}, PlotRange - Full]
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